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INTRODUCTION
Technology modernization of cameras has led to a significant increase in the image resolution. The improvement of the digital image quality and the increase in personal computer performance make possible to use images taken by non-metric digital cameras for measuring purposes. It should be mentioned that the application of these cameras increase the efficiency of field geodetic works while making photography/surveying building façades without complex decorative elements (Jarroush, 2014 , Germanak et al., 2013 . The results of accuracy assessment analysis for creation of a three-dimensional building façade vector model are described. In the framework of the analysis, an analytical comparison of three-dimensional vector façade models created by photogrammetric and terrestrial laser scanning data was done.
INITIAL DATA FOR ANALYSIS
To achieve our goal, we have made surveying of the main building of the Novosibirsk State University of Architecture and Civil Engineering using terrestrial laser scanning (TLS) and ground-based photogrammetry. Terrestrial laser scanning technology is widely used in geospatial solutions for construction, reconstruction of buildings and structures (Ivanov, 2012 , Tsakiri et al., 2006 , Pu and Vosselman, 2009 . It allows determining the threedimensional coordinates of the object under investigation with an accuracy of 1.5 mm and worse (Ivanov , 2012, Kamnev and Seredovich, 2016) . At the first stage, terrestrial laser scanning was applied for surveying of building façade from the only one scanner station. The measurements were performed by Riegl VZ-400 laser scanner during the night, cloudy and calm weather. This has made it possible to minimize the influence of refraction and vibrations of the scanner. The maximum distance from the scanner to the building façade was 30 m.
At the second stage, ground-based photography of the façade was carried out by Sony DSC-H50 -a digital non-metric camera. It was done according to a preliminary designed work schedule, which included both route and block surveying. A special attention was paid to the necessary number of overlaps between the digital images, as well as to minimize the "dead zones". To improve the quality result of surveying, all the works were carried out during day-time and in cloudy weather at a maximum distance of 33 m from the camera to the façade. Totally 84 digital images were taken covering an area of 809 m 2 . Digital camera specification is given in Tab. 1. For analysis purposes, the conventional Cartesian coordinate system was adopted for a façade. In a given system, the X-axis is directed to the zenith (towards the roof), and the Y-axis to the east (along the building). Thus, the Z-axis is turned perpendicular to the façade, which was considered as a height. Therefore, the building façade seems to be laid on the earth surface. A digital façade model graduated in height and in a given coordinate system is shown in Fig. 1 Table 2 . Position errors of control points on images According to Tab. 2, it can be seen that the root-mean-square error (RMS error) of the position of control points on Z-axis is less than half a millimeter. The projection parameter characterizes the number of images on which a particular point is displayed. The error 'S' in Tab. 2 means the RMS error of determining the spatial position of the corresponding control point.
Parameter Value
Processing of non-metric digital camera images was carried out in the office by Agisoft PhotoScan software. As a result, a three-dimensional façade models (point and vector models) were created from point clouds and images (Fig. 2, 3) . The vector model was also created using TLS data (Fig. 4) and Leica Cyclone software (Fig. 5) . The three-dimensional vector model created by TLS data is shown in Fig. 6 by red colour, whereas that of created from images taken using a non-metric digital camera by yellow. It can be seen from Fig. 6 that the greatest discrepancies between the two surfaces are in the lower model corners This could be happened due to a lack of forward overlap between images on the object edges (in this case it was 58%), and because of a sharp turn of the wall (building edge). Significant discrepancies are also located near capitals and other relief faces, as well as in places of bending between columns, window embrasures and walls. In the upper part of the façade, deviations were appeared because of the large angle of surface inclination relative to the objective.
DATA ANALYSIS
Comparative analysis of the two models was performed manually and automatically. The manual method consisted in uniform distribution of 101 control points across the entire building façade surface, the coordinates of which were specified theoretically (Fig. 7) . The Z-coordinates for all the control points on each model were determined, and the discrepancies between them were recorded. The data obtained are presented in Tab. 3. It can be seen from Tab. 3 that out of 101 measured discrepancies, only three exceed 3 cm. The all three points are located on the relief areas of façade surface, painted with white.
The maximum discrepancy between two vector models was 3.6 cm. Standard formulas used for mathematical processing of geodetic measurements (Rusyaeva, 2016) were applied to determine the accuracy of three-dimensional model creation from images taken by a non-metric digital camera. The average value is calculated by the following formula: Table 4 . Accuracy estimation
Based on the calculations performed, it can be concluded that the measurements include a systematic error, since the modulus of the average value is close to the mean absolute deviation. That is why we have carried out an automated analysis. Table 3 . Discrepancies of digital models Automated model analysis was performed by Rapidform software. For this purpose, maps of the mean square deviations as well as absolute ones (Fig, 8-9 ) between the models distributed across the entire façade surface were drawn. Figure 8 . Map of the mean square deviations between threedimensional vector models Figure 9 . Map of the absolute deviations between threedimensional vector models
Smooth surface
The diagram of the Gauss-Laplace distribution is shown in Fig.  10 and the map color graduation of absolute deviations between three-dimensional vector models is shown in Fig. 8 . Table 5 . Accuracy estimation It is necessary to take into account the fact that the accuracy of three-dimensional vector model creation from images taken by a non-metric camera was calculated regarding to its comparison with that of from TLS data. In this case, the actual accuracy of photogrammetric data according to our expert analysis is as high as 10 -15% because the scanning error is not equal to 0. The results of analysis allows for the following conclusions.
CONCLUSIONS
The accuracy of the three-dimensional façade model from images taken by a non-metric camera as a whole is comparable with respect to that of the model created from TLS data. However, there are discrepancies caused by smoothing and "blurring" the object edges and sharp corners. The discrepancies also appear in case of ground-based oblique photography of objects. To eliminate these discrepancies, it is preferable to use an unmanned aerial vehicle (UAV) with a fixed camera for right angle photography. It should be mentioned that the use of non-metric digital cameras are preferable for surveying/photography of building façades which have not complex decorative elements.
The following recommendations were developed for surveying/photography of building façades and post-processing of images: -photography should be carried out with a minimum angle (forward-backward); -the frame should be with the minimum turn; -forward and lateral overlap should be provided according to the requirements stated in the technological documentation of Agisoft PhotoScan software; -photography is preferable in cloudy weather; -it is recommended to use a tripod providing stability for the camera. The advantages of using non-metric digital cameras in comparison with TLS are as follows: -low-cost equipment; -light-weight camera for photography without a tripod. The disadvantages of photography using a digital camera are: -longer processing time; -lhe lower precision of three-dimensional models.
